The APM Cluster Survey was based on a modi cation of Abell's original classi cation scheme for galaxy clusters. Here we discuss the results of an investigation of the stability of the statistical properties of the cluster catalogue to changes in the selection parameters. For a poor choice of selection parameters we nd clear indications of line-of-sight clusters, but there is a wide range of input parameters for which the statistical properties of the catalogue are stable. We conclude that clusters selected in this way are indeed useful as tracers of large-scale structure.
Introduction
For many years, all statistical analyses of the distribution of clusters of galaxies has relied on the work of 1] and 2]. In recent years, however, the uniformity of these catalogues, and hence their usefulness as tools for studying the large-scale structure, have come into question ( 7] , 10] and 6]). With the aim of resolving these questions and producing a uniform cluster catalogue we have applied a modi ed version of Abell's algorithm to the APM Galaxy Survey ( 8] and 9]). Here we describe an investigation of the properties of a wide range of possible catalogues based on di erent parameter choices. We nd the statistical properties of the catalogue to be fairly stable to changes of the input parameters, but we will also describe some potential pitfalls. A full account of this work will be published in 5].
The Cluster Selection Algorithm
Abell's algorithm de ned clusters in terms of the number of galaxies seen on the photographic plate above the estimated background, within two magnitudes of m 3 ? , and within a projected The number-richness histograms for these catalogues, with magnitude limits as above. The richness limits for 500 clusters to these magnitude limits are 190, 99, 67, and 39, respectively. radius of 1:5h 1 Mpc at the distance estimated from the magnitude of m 10 . For a range of projected radii, r C , we estimate the cluster distance from m X , where X is a function of the cluster richness (X = R= ), which is in turn determined from a magnitude range about m X .
This de nintion is recursive, and so we apply the convergence criteria that m X < 0:025 mag and that the centroid of the galaxies within the projected radius changes by < 40 00 .
Comparison Samples and Completeness
For each catalogue we calibrate the distance estimator as described by 4]. We expect a catalogue to be useable out to the point at which the faint limit of the richness determination is equal to the magnitude limit of the APM Galaxy Survey (b J = 20:5). We compare the properties of groups of catalogues by selecting equal numbers of clusters from each catalogue to a common estimated distance. Figure 1 shows the number-magnitude and number-richness relations for four catalogues with di erent selection radii (see gure caption). For each catalogue the N(m X ) relation rises smoothly to m X = 19:0 where the catalogue de nition becomes invalid. The N(R) relations show that each catalogue is still complete in terms of richness at the comparison limit.
The limiting feature of the catalogues shown in Figure 1 is that the richness is de ned by a broad magnitude range about m X which hits the survey magnitude limit by a redshift of z 0:1. We attempted to improve on this limit by reducing the magnitude range by 0:5mag at the faint end to give a limiting m X of 19:5. However, since the de nition of m X is tied to the richness count, it then becomes necessary to adopt a di erent value for X to prevent m X from sampling the luminosity function at an absolute magnitude brighter than M . If this is not corrected, the cluster selection algorithm becomes extremely sensitive to spurious, line-of-sight associations of galaxies in preference to real clusters 3] . This e ect is most noticeable for a large selection radius. Reducing X to a value closer to X = 2 compensates adequately for the change in the richness de nition, but careful tuning is required to optimise the desired gain in the catalogue depth. One should also be aware that the depth of the catalogue is increased at the expense of increased noise in the richness estimates for nearby clusters, as the background count in a small magnitude range becomes uncertain at brighter magnitudes.
Angular Clustering Measures
For each comparison set of catalogues we calculated the two-point angular correlation functions, w( ), using the standard, (DD=RR) 1, estimator. Figure 2 shows the results for the catalogues shown in Figure 1 , together with results for similar catlogues generated using the smaller magnitude range for the richness estimator as discussed above. It can be seen that the original catalogues ( lled symbols) are in good agreement with one another over the whole range of scales for which estimation is possible, and we may conclude that there is no intrinsic variation in the clustering properties introduced by changing the selction radius. For the second set of catalogues (open symbols) there a systematically lower amplitude for w( ) and a much greater variation between the catalogues. As noted above, the largest excursions from the solid symbols occur for those catalogues with large selection radii.
At smaller selection radius, r C = 0:75h 1 Mpc, we also investigated the e ect of varying .
At the depth of the comparison samples considered for 2 4 we nd no variation within the amplitude of w( ) within the errors, and conclude that the catalogues are stable to such variation at this selection radius. This implies that the reduced amplitude seen in Figure 2 for small radii catalogues (open circles and squares relative to lled circles and squares) must be generated by incompleteness at the low richness end in these catalogues. This is not surprising, given that in Figure 2 we have matched to the lowest e ective depth estimate from Figure 1 and hence we are sampling only those clusters in the deeper catalogue with the noisiest richness estimates.
We conducted similar tests on the angular cluster{galaxy correlation functions. These provide a much clearer signal of the line-of-sight e ects discussed above. For the original set of catalogues we see evidence for a shoulder in w cg ( ) which corresponds to the projected cluster selection radius at the mean depth of the sample considered. This e ect is signi cantly more pronounced for catalogues with large r C , and is almost undetectable by 0:75h 1 Mpc. For the narrower richness de nition we see a similar trend as we increase r C until we reach r C = 1:5h 1 Mpc. For this catalogue the line-of-sight e ects are so pronounced that there is no signal in the cross-correlation function beyond this radius.
Conclusions
We have shown that it is possible to select clusters of galaxies in a way that does not a ect the large-scale statistical properties of the distribution. There is some gain to be made by a careful choice of distance estimator, but one must be wary of the potential problems associated with a distance estimator which samples the luminosity function at very bright magnitudes. We conclude that clusters of galaxies selected from a high quality galaxy catalogue may be usefully used as a tracer of the matter distribution on large scales.
